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ABSTRACT 



A system model and a least mean square (LMS) filter for the Naval Postgraduate 
School (NPS) Infrared Search and Target Designation (IRSTD) system were developed. 

The system model was developed and run on the NPS IBM 3033/4381 mainframe 
computer network. The model simulated the effects of the optics and electronic proc- 
essing equipment of the IRSTD system, and produced output data representative of the 
detector outputs of the system. 

The outputs of the IRSTD model were used to develop a digital filter based on the 
principle of least mean square optimization between an actual IRSTD detector output 
and a power series expansion representing a detector output containing both back- 
ground clutter and a model target signal. It was determined that the raised cosine 
function served as the best model for IRSTD point and near-point targets, (0.1 mrad by 
0.1 mrad to 1.5 mrad by 1.5 mrad), and a set of trial LMS filters were generated based 
on this model. 

After filtering both simulated and real data, consisting of simulated and real target 
signals embedded in simulated and real backgrounds, it was determined that an LMS 
filter generated from a raised cosine with a half-amplitude width of 0.9 mrad was optimal 
for point and near-point targets. The signal-to-noise ratios of all target and background 
combinations increased by a factor of approximately 30 for the simulated backgrounds, 
and approximately six for the real backgrounds, upon filtering the detector outputs with 
the optimal LMS filter. 

It is believed that this filter should be incorporated into the NTS IRSTD system as 
an initial signal processing filter, and that the filtered outputs are appropriate for use as 
inputs to target detection and acquisition routines. 
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I. INTRODUCTION 



A. GENERAL 

Several years after completion of at-sea trials in USS Kinkaid, the Advanced De- 
velopment Model (ADM) of the SPAR Aerospace AN/SAR-8 Infrared Search and 
Target Designation (IRSTD) system was transferred to the Naval Academic Center for 
Infrared Technology (NACIT) at the Naval Postgraduate School (NPS) in Monterey. 
California. NACIT received this system with the intention of using it in support of re- 
search in infrared physics, infrared technology, and infrared signal processing. Specific 
objectives of this research include: 

• Collection and study of unfiltered infrared background scenes. 

• Development of signal processing techniques for the rejection of background clut- 
ter. 

• Development of target detection, acquisition, tracking, and classification tech- 
niques. 

Since receiving the IRSTD system, NACIT personnel have accomplished a great 
deal of work involving the system installation, testing, and callibration. While installing 
the system in Spanagal Hall at NPS, a number of modifications were required to be 
made. Some of the more important modifications [Ref. 1] include: 

• Removal of the Stable Platform and Stable Platform Control Console. 

• Bypass of the Background Normalizer. 

• Replacement of the Data Processing Unit with a MASSCOMP computer system 
of higher capacity. 

• Replacement of the cryogenic engine and insulating vacuum assembly, leading to 
the removal of the inner germanium window of the svstem's optical subassemblv 
(OSA). 

Of these modifications, the cryogenic engine replacement had the most impact on 
the operation of the system. Removal of the germanium window changed the optical 
path of the system, thereby increasing the system's optical spot size. To correct for this 
effect, it was found [Refs. 1, 2 ] that a focal shift of the detector array by approximately 
0.133 inches towards the reflecting mirror restored the modified system to a level of 
performance comparable to that of the original system. 



Upon restoring the system to an acceptable level of performance, the relative 
responsivities of the individual detector elements were calibrated with their associated 
electronics. It was found [Ref. 2] that seven lead array detectors and eight lag array 
detectors were non-functional, and that three additional lag array detectors were per- 
forming at levels below standards. It was also found that the relative response ampli- 
tudes of the lag array detectors were a factor of 1.85 higher than the lead array detectors 
for the same calibration source. This difference was attributed to the use of different 
bandwidth filters for the two detector arrays. 

As of January 19S9, The system is in place in Spanagel Hall at NPS Monterey, and 
is ready to take and store data in the MASSCOMP computer. With these capabilities 
available, the NACIT research group can begin collecting infrared background data, and. 
can also begin developing clutter rejection filters. 

B. PURPOSE AND ORGANIZATION OF THESIS 

The purpose of this thesis is to develop a digital filter capable of extracting point 
and near-point targets from typical infrared background clutter scenes. The filter se- 
lected for this task is constructed using the principle of least-mean-square optimization, 
and is therefore known as an LMS filter [Ref. 3]. 

The text of this thesis describes the derivation of the LMS filter, and presents the 
results of its use on both simulated and real data. The thesis is organized as follows: 

• Chapter II presents a brief description of the NPS IRSTD system, with particular 
emphasis on the system's specifications. 

• Chapter III discusses the nature of infrared backgrounds, as compared to targets 
of interest to IRSTD signal processing, and also presents an infrared background 
simulation model. 

• Chapter IV describes the developement of an IRSTD simulation model, con- 
structed to generate simulated IRSTD output signals for initial analysis of the LMS 
filter. 

• Chapter V describes the developement of an LMS filter for extracting targets of 
interest from infrared background scenes. 

• Chapter VI presents the results of filtering both simulated and real infrared IRSTD 
data with the LMS filter. 

• Chapter VII discusses the results of chapter VI and presents recommendations for 
further studies in this area. 

• Appendix A presents plots of filtered outputs illustrating the increase in target and 
noise amplitude with increasing filter width. 

• Appendix B presents plots of filtered outputs of all target and background combi- 
nations studied in this thesis, filtered with their proposed optimal LMS filters. 
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• Appendix C lists the background simulation model FORTRAN code. 

• Appendix D lists the IRSTD simulation model FORTRAN code. 

• Appendix E lists the LMS Filter FORTRAN code. 
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II. THE NPS IRSTD SYSTEM 



A. SYSTEM DESCRIPTION AND SET-UP 

The NPS IRSTD system is composed of four major subsystems. Since only a brief 
description of these subsystems will be presented in this thesis, the reader is directed to 
the system technical manual [Ref. 4], for a detailed description of the system. 

A brief description of the function and set-up of the major subsystems and various 
peripheral components of the NPS IRSTD system follows: 

• The Scanner Assembly, located on the roof of Spanagel Hall at NPS Monterey, 
houses the Optical Subassembly (OSA). The OSA consists of the system optics, 
the lead and lag detector arrays, and the cryogenics. As a unit, the Scanner As- 
sembly physically rotates the OSA in complete 360 degree scans. The OSA, in turn, 
collects and responds to infrared radiation incident on the OSA aperture. Elec- 
tronic signals from the detector arrays are then transmitted to the Data Condi- 
tioner Unit via the Buffer Power Unit. 

• The Scanner Assembly Control Console (SACC), located on the seventh floor of 
Spanagel Hall, supplies power to, and controls, the Scanner Assembly and its as- 
sociated electronic components. The SAAC controls parameters such as the 
Scanner Assembly scan rate. 

• The Data Conditioner Unit (DCU), also located on the seventh floor of Spanagel 
Hall, receives signals from the OSA via the Buffer Power Unit. It is in the DCU 
that analog-to-digital conversion, multiplexing, and pre-processing of the detector 
outputs occurs. 

• The MASSCOMP computer, located on the second floor of Spanagel Hall, receives 
digital detector output signals from the DCU for processing, display, and storage. 

B. SYSTEM SPECIFICATIONS 

In order to proceed effectively with the development of an IRSTD model and the 
LMS filter, it is essential to know some of the IRSTD system's technical specifications. 
A short listing of the general specifications is presented below [Refs. 1,2, and 4]: 

• Number and type of detector elements - 90 indium antimonide (InSb) detector el- 
ements per array (2 arrays). 

• Size of detector elements - 2.0 by 0.3 milliradians (0.3 milliradians along the scan 
dimension). 

• OSA scan rate - variable (designed to operate at one-half revolution per second). 

• DCU sampling rate - 10,000 8-bit samples per second; the 8-bit analog-to-digital 
converter will soon be replaced by a 12-bit converter. (This sampling rate corre- 
sponds to 0.10472 mrad per sample at one-half revolution per second.) 

• Detector dwell time - approximately 3 samples per detector dwell. 
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• Optical spot size - approximately 0.7 rnrad in diameter, based on the diameter of 
the blur spot of a point target at the detector array. 

• System bandwidth filters - 3 to 5 micrometers. 

• Optics - F/l Schmidt catadioptric telescope. 

• OSA aperture - 10 inch diameter with germanium aspheric corrector. 

• Focusing mirror - 16.625 inch diameter aluminum spherical mirror. 

• Coolant - liquid nitrogen, resulting in a detector operating temperature of S3K. 



5 



